Qualitative and quantitative re-evaluation of epidermal growth factor-ErbB1 action on developing midbrain dopaminergic neurons in vivo and in vitro: target-derived neurotrophic signaling (Part 1).
Although epidermal growth factor (EGF) receptor (ErbB1) is implicated in Parkinson's disease and schizophrenia, the neurotrophic action of ErbB1 ligands on nigral dopaminergic neurons remains controversial. Here, we ascertained colocalization of ErbB1 and tyrosine hydroxylase (TH) immunoreactivity and then characterized the neurotrophic effects of ErbB1 ligands on this cell population. In mesencephalic culture, EGF and glial-derived neurotrophic factor (GDNF) similarly promoted survival and neurite elongation of dopaminergic neurons and dopamine uptake. The EGF-promoted dopamine uptake was not inhibited by GDNF-neutralizing antibody or TrkB-Fc, whereas EGF-neutralizing antibody fully blocked the neurotrophic activity of the conditioned medium that was prepared from EGF-stimulated mesencephalic cultures. The neurotrophic action of EGF was abolished by ErbB1 inhibitors and genetic disruption of erbB1 in culture. In vivo administration of ErbB1 inhibitors to rat neonates diminished TH and dopamine transporter (DAT) levels in the striatum and globus pallidus but not in the frontal cortex. In parallel, there was a reduction in the density of dopaminergic varicosities exhibiting intense TH immunoreactivity. In agreement, postnatal erbB1-deficient mice exhibited similar decreases in TH levels. Although neurotrophic supports to dopaminergic neurons are redundant, these results confirm that ErbB1 ligands contribute to the phenotypic and functional development of nigral dopaminergic neurons.